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There  appears  to  lo  gar  _rul  .......  -  ••  -  -  *ar 

•  «“  iir““  . . ';rhh.,M 

biological  weapons.  Toe  advance  c  to  -  _  •  -  -  _  ..  « 

ability  is  obvious.  The  existence  c  f  ~  r Ill able ’  nZ c:J. f  .  ~  a  F’dete e :•  ir •• 
is  also  believed  to  ho  likely  to  — -"V- 

being  used  at  all.  Thu  problem  V.  .a  ~  **1*  I'-A?  c" 

at  several  Pug/ash  coni' ere. .etc  an„  si  ■  -  :  '  .*’7",.*’“^'*,  . 

up  in  international  commit tea  work.  •  'Tirsvar. 

Forskningsanstnlt  -  luf^r.uo  .Research  Inc.  .u-,cs 

SC  weapons11  (Tnmnclin ,  Larssoa,  Serbs  .  J  .c..sen  and  1  ersoen  19 64) 
provides  an  easily  accessible  co..:  -  r  eh  las  a  on  or  the  r.  „  ecv  ali-- es 
^ i  .he  b  V’cnpcuG .  m.  cmic.' —  survey  h.*s  a^ac  tterr* -  l,f  been  ■Pub¬ 
lished  in  Science  Journal  (Clarke 1966). 

Xhc  concept  detection  in  the  present  paper  tern  measures 
resulting  in  a  determination  that  abnormal  co.vcaa _e  cf  miers- 
organiems  occur  in  the  air  that  is  being  continuously  examinee. 

The  concept  does  not  presuppose  an  identification  of  the  organisms . 
which  is  not  excluded,  however.  The  detec  tic:,  is  intended  to 
lead  to  "early  warning"  for  the  taking  of  protective  measures 
within  less  than  an  hour  from  the  time  - i  the  sampling. 

The  possibility  of  variation  of  1  weapons,  both  with  regard 
to  effects  and  tactical  application,  combined  with  the  circum¬ 
stance  that  the  effective  amounts  can  be  as  snail  as  none  ten 

O  bacteria  or  virus  particles  with  a  mass  of  about  10”~2  g  0-  less 
•poses  exceptional  demands  on  the  methods  and  instruments  that 
con  be  used  for  detection.  A  process  must  be  carried  out  oy  means 
of  particularly  advanced  and  costly  apparatus,  which  U3  far  as 
Sweden  is  concerned  exists  in  only  a  few  specimens.  These  cir¬ 
cumstances  have  led  to  orientation  of  the  work  a_  FCA  toward 
methods  where  special  prerequisites  existed  within  the  country. 

The  goal  of  the  experiments  that  are  reported  is  the  follow¬ 
ing  is  necessarily  limited. 

The  studies  should  in  the  first  place  concern  the  detection 
of  Individual  microorganisms  within  the  ,>iae  range'  1-i  ,v  thus 
excluding  viruses  and  rickettsias  (<C  1/-*  )  and  larger  bacteria 
aggregates  (7Sm  )  .  Particles  between  these  size  limits  gat  into 
the  lung  alveoles  and  are  thereby  tr.03t  effective  for  the  spread¬ 
ing  of  virulent  agents. 

Methods  for  size-discriminating  collection  of  particles  in 
air  should  be  developed  and  established  on  the  basis  of  existing 
commercial  apparatus. 


2 


Basic  material  c'  '  -  . . 

in  background  test:;  v.uil  ksruiv'haia  .To  s  \  1*1  it***!: 

methods  than  available.  be  >  v*  •-  '  ~_“'1 

however,  which  combine  t'  .  r‘T  uc:tt  ‘•“vuopc.  r 

.aicroacope  with  a  records-  of  chtTSarlcwrls  ll  c^rt^lT 
ofcC\irs;:iby.  electron  radiation  of  the  ©laments.  Both  c-'-ntraace' 
a*%;c0*lten,:  of  an.  elcacnt  in  cjccroaelv  oa.i:  aKc.Ui- ’*  " 
lijShed  OlieaslinS  I960).  At  the.  cine'  J  the  er.es  o'-y't-o 

iiiiitrumenta  vere  present  is  Sweden.  A:  s:Cst  suit:  le  o:  the  two 
fa^the  purpos a  was  the  one  at  the  Institute  lor  d-;  ,  c -  ■  ;■  search 

Technical  Institute,  which  was  -...cue  avail-  .,lu  wish 
•  P«Sjp1mel  by  the- head  of  the  institute  ?roi-  ■s;v  C  -ril"-  Drocsct. 

./• r.  •,  •  '  *  — 

-,o55.*,^®5he.  purpose  of  the  £ic..„  tests  w_..:  to  give  y 

the  t  •  *  -'lit;*  of  the  -  _ £ 

to  the  background  conditions  in  the  air  wnd 
tioh  about  the  natural  microbial  flora. 


riar.ee  con- 

1  V  ui  «  i*  a  O  *T«Ij  *!“• 


2 article  collection.  Canelln  cascade  ir.pacf.ov  —  The 
apparatus  (May  1945)  consists  ox  four  parts  joiiieu  ogethar 
(Fig.  ;•£}  ,  each  having  a  slot  through  which  the  air  .. t 
removable  collecting  surface  disposed  crosswise  to  the  slot 
(#Xg.  2).  The  slots  become  successively  smaller,  which  leads  so 
increased  velocity  of  the  air  that  is  sucked  through.  Depending 
on  the  Velocity  of  the  air  stream ,  .  articles  with  decreasing 
mass  ;»t  each  step  are  hurled  against  the  collecting  surface, 
where  thoy  get  stuck  in  an  adhesive  coating  on  the  surface. 
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Fig.  1. 


Casclla  cascade  impactor  with  the  step  sequence 
used  in  the  experiments 
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u-vw..j  cr  ^c.1;  2*. .....  c  ..:,  c;;clc  ir.r  actor. 

*•  ** **-*  »' u“  v'**'  •«* •* ■—  c«rcc v.xO;i  o  f  the  orrowo  » 

Ti.c  «>:ir  cide  fractions  r.:*a  col  ^.actc.u  o:.  rhu 

■  .  a.  .  •>  .  .  _  * 

<b  v  co  «•  tiiu  ^  —  ci  o  ^ , .  - . « u ^ 

‘•"•cl'i  -  ;•  -  r.nnl  ered  by  the  ru.r.;  ■'.  surer  :.';:oa  1  ta  4, 

,  to  s..  _  catching  c  f  pars:'.  within  u  i  x  a  intervals 

...•-vijioaJ.'  y  Indie. .ted  for  the  respac  rive  steps  2)  .  I'.. 

.-.’u  exact  .  .;ure  .enru  each  step  ;:us  t  be  calibrated  separately 
.  ...  —  a  c o . i -> ......’. &. x o a «  - » .  ■ .  e  e. *  j  . . ■ . — o ..  ».  —  c« .  ^ lev.  one  .  y  ..  e .. s a r i a g 

...w  particle  distrib  ucio.-;  or.  the  ecilec  sin-:  surfaces  ur.c.ar  the 


•« j. c * o w  cor:  i 


~Zu  a  r*caaurxv;^  ocuaci*. 
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Particle  diameter  in/-* 


Collecting  effectiveness  in  the  four  steps  of 
the  cascade  lap  actor  O'rc.  Hay  1945) 


'.heft 
isu  1  y  f  am* 


sucking  through  velocity  of  !,05C  liters  per  hour 
the  step  combination  1 , 2 .  ?.  k  3  ar.d  4  thft  parti¬ 


cle  distribution  obtained  in  step  3  was  0.9  -  Sa*  over  a  deposition 
.,  „rfacc  of  1.0  x  15.7  mm2.  The  deposition  surface  consisted  of 
,.  c~.v ar  glass  (2G  x  23  x  C.3  :c)  mounted  in  a  brass  plate 
cap^cially  manufactured  for  these  experiments.  Object  glass  and 
cover  glass  were  easily  broker,  if  they  were  inserted  directly 
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brass6 In  rc?a  "°r  1>'ir"clc  without  interest,  or.1- 

orass  plates  were  inserted.  All  collect' . 

covered  with  a  sterile  adhesive  composed  of  1  '  <•> <_  _j^  25  <* 

glycerol  and  175  g  water.  The  cover  glasses  w«ra  u as'aad  with 

Alcohol  prior  to  coating. 

•  ^  The  particles  were  distributed  in  a  character  _ic  manner 

vhon  they  were  caught  on  the  adhesive  c'attw  glee..  j±-.  /•)". 

Air  particles  did  not  appear  to  fasten  r.p  -odutibly  '  tv^cinar. 
uncoated  g-.ass.  An  average  of  751'  of  the  v.e...ber  of  p..  r ..  i -ies 
that  fastened  to  coated  surfaces  adhered  to  polished  ‘ bra-s . 
Material  collected  in  step  3  (1-5/A)  or  the  Caaolla  impactor 
was  studied  by  the  acridine  orange  method. 
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Fig  A.  Particle  count  for  dust  collected  on  the 

adhesive  coated  step  3  of  t.  a  Casella  anpactor. 
The  sketch  at  the  bottom  indicates  at  vhnch 
section  of  the  preparation  the  count  took  place. 
Two  preparations  were  counted;  the  longitudinal 
section  (2)  3  times  and  the  transverse  section 
(b)  twice  for  each  preparation.  The  greatest 
deviations  from  the  indicated  average  values  arc 
marked. 


Andersen  sampler  --  The  apparatus  (Andersen  19  SB)  consists 
of  six  aluminum  dishes  placed  in  series,  each  with  400  holes 
of  successively  diminishing  size  (Fig.  5).  Inthe  intervals 
between  the  dishes  collecting  surfaces  car.  be  placed.  When  air 
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suitable  c 
Different  fro 


*  c  -  ;;c  -  . 


-  •  •-■  i  c;. 

-  -  v*  -  -  •  -  ni.es  c  o  r •*- 


therotoio  .. 

sizes  on  tne  six  collecting  -c.-*  CC£  J  c”  - 

to  be  chosen  so  that  the  number ~cj"v’ 
approach  AGO  in  any  petri  Gish.  '  -.  ; 
tain  bocav.se  of  greater  ;>rcbab  -.1. 

fasten  uni;  ir  the  aura  hole.  •  "7" 

only  one  t  rova  colony  car.  a..  ..  ru'  /i  "  '•  •  -  1  u~  - 

in  the  sciv.  >ier.  “**'“i*  *  i 


time  ought 
docs  .3 : 
n  o  e  v.  a  -  e  *:  — 


-  ii.  .  C  v.  t  i  S . 

;«.u:>  actor  us  he  compar...  ,lo 


-  -  reduced 


.■os'  1600 
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In  the  commercial  mo. 

Consulting  Service.,  ih..}  c:.< 
punp  that  gives  a  u  liaise 

Andersen  soapier  an_  Cusell,  _ 

recommended  air  velocity  for  the  to: 

liter  per  nour  to  1000  liter  nor  ho  •.  .■  uttuetnot.  the  •'■■'en 

u£que«.v.c  i..  the  Andersen  sampler  _s  charged  frost  the  uoruul  co 
the  sequence  1,2, 3,5,6,*:.  *_'h en  a  n article  uistribviicn  j~!  - ,, 

6. S/A  will  be  obtained  in  at./;  5. 

At  equal  running  times  in  the  a  :.vaa  Loceliti....  ehe  Isa  -11; 
imp actor  gave  ca  30%  lower  particle  n  — .bur  then  the  -ndarse. 
sampler,  however.  The  difference  applies  mostly  to  small  parti¬ 
cles  in  the  size  range  of  O.S  -  1/j  .  This  deviation  mutt  1c 
accepted,  however,  as  none  of  the  other  combinations  gave  better 
results . 

The  calibration  was  carried  ou  or.  adhesive  covered  object 
glass  lying  in  recesses  in  aluminum  insets  suitable  for  petri 
dishes  (Fig.  7). 


?i" . 


Various  types  of  inset  dishes  used  m  Andersen 
sampler.  Left,  dish  with  recessed  i.ctal  plate 
for  adhesive  coated  object  glass  (for  micro¬ 
scope  study  of  colie:'  •'  particle::)*  center, 
same  with  recesses  copper  plate  'for  electron 

microprobe  tea:  . ■  ament e)  and  adhesive  covered 
cover  glass  (for  comparative  microscope  studies); 
right,  petri  dish  for  growing  bacteria  and  fungi. 
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Iki-osed  culture  plate  cl  the  A:. lorsen  sampler 
:  :ar  cultivation  t  J  tclA^ctai  micro  -rsanisns . 
TAu  Her ,  smooth  colonics  derive  from 
b..ctcr.a;  i'«;  larger,  e ...  1  colonies  consist 

O  «.  *.  U.i  u  J>  •  •  .  ■ 


.0  V/' 


n i cro p rob e  were,.5?  ' 


-  O 


.r;ov 


Ah  c  pi  os  co  bo  oxcl/zoi  'in  why  electron 
.tee  dv.  sing  15-30  minutes  on  electro  polished  copper;  plates',  ^ 
laces,  ■.  hie  a  were  one  inch  in  diameter  end  3  an  thick^^ere  '  *  A  01  i 
-1  in  a  recent  in  an  alumina..  inset  for  -a  petri ■  dish'  ‘tfxfid1  wared,.  ^ 


coed  instv.^.d  o f  th _  agar  layer  ir.  step  5  ( 1-5/-*  )  .  "  In  thei . 
:z  there  res  also  a  recces  for  an  adhesive 


■f;o.  wim; 


w  .1.  mViXT.  •«»  v«  ••  m».«;w  w.  •  u  x  w  «.  uu  h  A.  *■■'-  ' 

red  hal..'  object  glass  on  which  collections  for  other  an alyt,i-^4f 


could  be  ta-io  (dig.  7). 
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.  _  thren.i  c 
regarded 


;h.*ds  i  Aha  acridine  crcsiga  method  .—  Acrid.ina*;.  j 
:ic  dye  wish  at  ten  fluorescence  and 


Its  bonds  with  nucleic  acidsA'ean:  t 


being  well  clarified.  (Airier  1966)  S  s  s'  on  1 1  ally^4r,<r  fr 


is  an  ion  bond  between  the  basic  dye  and  the  -'phosphate  >**<•.**•?. 

'•  in  the  nucleic  acid,  b-.it  a  certain  intercalation  of 
uculuo  in  double  chain  nucleic  acid  might  also  occur”!  I ttyj ,  } ; 
concentrations  (small  distance  be  tv  can  the  molecules  ^  3- 


-  3  - 


25 


•  flr- =f ■  A-h, -i  :■ . • 


was; 


calculated  Chat  Che  limit  fc  AO--dy,.G  :x;A  ii.es  ;  t  ,: 
moles  DNA— VO^ ,  corresponding  to  .  10  A-  —  j'. ,:  -.a-  t  . 
gfc  &♦  coll).  With  instruments  dec igncd  •■•iel.  a  vi  /  co 
W.  sensitivity ,  this  limit  could  prcb-oly  be  ''rouble  ti¬ 


lths  introductory  a:;-  :n  :  •.  ■  '  '  -  .  . 

that  there  at  the  time  of  1A...1  ....■;  .:  t. 

Kona  of  the  bacteria  strains  I  •'  •  ..  :  A  A  -  • 

f  laovescencft)  .  The  cor. tin o'--..  iaccrur-.ccc.cc  Ch eve  '<> r  .  ....•-  .  o.  .  .. 

took  place  at  only  one  wavtlcasta ,  :  10  .....  r-c  .  .vv.  -j  •  .  .  ecu 

intensity  from  ca  50  visual  fields  alo  c  lln^  aer  ><>  u,.a  -  a.  a. 

Wide  strip  of  particles  from  the  Cas.ji.la  impact  r  v  .  •used  as  a 
relative  measure  of  the  amount  of  greet  (500  on)  :;l;.jra.>  cir.g 
material  in  the  sample,  ho  artel....:;,  ware  made  to  -.  aerify  and 
measure  t 1; c  fluorescence  from  indicia;. .A.  1  act  err c  i-  r_v.  _ine  . 

&  pies. 

Ac  apparatus  far  s  er.ii-autcnr  tie  ;  asuretier.r  ••  f  c. c.  c  fluo¬ 
rescence  from  collect  tsd  per  Cycles  u;.  ..  e  s  c.  y  a  e  c  to  y  •  ..n  n p n  r  — 
ience  for  a  possible  future  automation  of  the  noiho  .  The  stage 
Was  provided  with  a  device  that  permitted  moving  hh ..  preparation 
with'  const  net  speed  past  the  measuring  bj active.  the  sip  no.it 
from  the  photomultiplier  that  read  the  f lucres  c  aso  wore  fed  via 
an  amplifier  to  a  recording  device  that  recorded  the  distribution 
of  fluorescence  along  the  scanned  In®.  The  fluorercenca  along 

Oth.ls  line  was  at  the  same  time  integrated  automatically.  thus 
the  integral  gave  a  relative  measure  of  the  amount  of  grr-n 
fluorescing  material  in  the  sample.  In  this  case  a  sli c-shap ad 
surface  (10  x  SG/u  m)  was  used  as  measuring  fie-v.. . 

Cultivation  technique.  The  microbiological  cultivation 
of  colonies  from  the  collected  microorganisms  in  pa/.ri  dishes 
took  place  completely  according  to  conventional  teeh..iquc. 

The  nutrient  agar  plates  ..’ere  usually  incubated  5  -nays 
at  room  temperature,  sometimes  for  control  A.,  additional  day  at 
32®  C.  The  number  of  grown  colonies  was  then  count  .d ,  vh-raby 
bacteria  were  separated  from  fungi.  b__  also  Fig.  C. 

The  results  wete  recorded  so  that  the  number.;  of  colonics 
from  steps  .1,  2.  and  3  were  br.  ugkt  together,  while  the  numbers 
from  steps  5  and  6  respectively  were  recorded  separately.  The 
samples  from  step  4  (the  last)  were  not  counted.  In  this  way 
a  division  theoretically  by  particle  sine  was  obta_neJ: 
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Fly.  11*  ..XcUilple  0 1 
element  detection  with 
election  raicropvobe  in 
particles  collected  on  copper 
plate  mounted  in  an  Andersen 
sampler.  Polaroid  camera 
pictures  of  the  oscilloscope  of 
the- Instrurien  e  (see  text).  Top, 
electron  picturejo£  the  sample 
surface*  in  the  middle,  silicon 
and  .at  the  bottom  aluminum 
radiation  from  exactly  the 
slapje  area.  The  numbered 
^arrows  show  examples  of  identi¬ 
fiable  particles  on  the  electron 
picture,  which  particles  contain 
either  silicon  or  aluminum  or 
both  elements. 
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■-.  samples  for  15-30  ,:'u^..... 
wind  velocity,  barometric 

as  flat  6  i.iui  tine  o the  c;.v 
fP  ,k‘«portft(l  in  this  paper. 
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r  The  aerie* ii  e  o:.‘rr-~  .  •  c-U.  v  ■  - 

•_“i«e«lCO  measured  in  rciat-/.:  a.:  ta  •  ._• 

+^df  bacteria  that  c  >-  ,„c  „  . - 

/•rcoatcd  cover  glass  ia  tae  u',  -  ;  io  .  . 
bacteria  were  s;j;-«yot.  -re;  ;  -c:  ■  -  •  'V  .  !!  '  *: “ 

air-  ill  the  air  intak-.  cl. a  c,.;..,  a  ,  .  ^ '  •■  ■ 

.applied  avail  if  the  gln-sen  .  ...  /  *--•  -- . 

-—collection  with  a  uni-ora  -..a-..-;  oh  . .  „  '  . 

//  changed  wick.  di£  ter^-.t  oh  daur 

^  It  was  found  that  di  hr ar.su i:  t;  -j  >  *  o-..  t  ha  •*;  .round  or 
the  one  hand  liuovonc.j  d  i  1  i  a  r  «.i: «,  1  y  .  he  .  ■  a  or.  ins..;  y  acrid;;  no 

orange  and  on  the  otao.r  her.  i  nine  hoc.  dir  furone  nut  a  h.l  nor  a  cun  r  _  , 
l.a,  ^  fluorescence  inacp  under- r  of  ..ha  acridine  orai;  c  r  ted  a  in,- . 
^rBoth^feypes  of  fluorescence  v«tv  in  a  number  of  .-~u-  ,-*-'<;■  - 

.dusts . 


minutes 

rr.n  of  the  c vc r eg c  f l ■  re;1  /  .ico  '  *  n t o  ’ 
per  field  of  view,  fror;  preparations 
collected  in  the  Casel.la  imuacccr.  ..u  in¬ 
creased  bacteria  density  (longer  c tposurc 
of  the  glass  in  the  impact.  ••;  given  a  pro¬ 
portion  a_  increase  of  the  fluorescence*. 
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or  incubation  temperatures  might  have  produced  values 
from  those  given  here. 


The  good  correlation  between  acridine  orange  fluoro 
and  bacteria  count  in  the  model  experiments  with  test  aero 
did  not  prevail  in  the  field  experiments.  The  principal  r 
for  this  appears  to  be  the  relatively  low  natural  occurrua 
microorganisms  (bacteria  background)  in  the  air  samples  at 
unexpectedly  high  content  In  the  samples  of  method  disturb 
substances  with  fluorescence  in  the  measured  wave  lung  '■'•■■■■ 
adjacent  ones.  The  disturbing  particles  probably  consist 
silicon  compounds  and  organic  material  (for  example,  n 
containing  cellulose).  It  must  furthermore  be  pointed  out 
the  acridinfe  orange  method  theoretically  can  detect  all  mi 
organisms  collected  In  the  Casells  lmpactor,  while  only  th 
viable  organisms  are  recorded  after  collection  in  the  Ando 
r>  ampler. 
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It  was  characteristic  that  the  fluorescence  measuring 
values  were  low  in  comparison  with  those  from  the  test  bacteria 
aerosols  and  that  they  had  relatively  limited  distribution  whoa 
measurements  from  the  same  day  were  compared.  It  is  therefore 
quite  conceivable  that  a  massive  appearance  of  bacteria  ir.  the 
sampling  air  (e.g.  originating  from  a  nearby  source  of  distribu¬ 
tion)  could  produce  significant  evidence  of  the  presence  of 
bacteria.  No  field  experiments  have  yet  been  made  in  this 
direction . 

Another  possibility  for  increasing  the  sensitivity  of 
the  acridine  orange  method  appears  to  be  simultaneous  measure¬ 
ment  on  several  wavelengths  other  than  green  or  red,  whereby 
greater  opportunities  would  be  obtained  for  discriminating 
the  fluorescence  that  is  obtained,  especially  from  nucleic  acids. 
As  unspecific  particles  as  a  rule  show  green  or  blue  fluorescence 
after  staining  with  AO  (max  450-530  nm)  further  increased 
specificity  can  be  gained  by  denaturing  double  strand  nucleic 
acid  to  single  strand.  This  changes  the  fluorescence  color  from 
green  to  red.  Further  advantages  could  be  gained  if  such  :;mutu iv 
ments  could  be  carried  out  only  on  particles  of  a  certain  situ 
avid  be  increased  In  number.  Hereby  the  automation  that  already 
has  been  worked  out  could  be  tried  and  some  form  of  site  dis¬ 
crimination  of  fluorescent  particles  could  be  introduced. 

In  this  connection  it  should  be  pointed  out  that  fluo¬ 
rescent  antibody  technique,  for  which  similar  apparatus  can  be 
used  as  for  the  acridine  orange  method,  offers  a  practicable 
method  for  detection  and  in  addition  for  exact  typing  of  micro¬ 
organisms  . 
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'-■-<-  electron  microprobe  involves  a  practicable  method 
annl/aia  of  the  chemical  composition  of  individual  particle*. . 
::  :tc:;t  times  considerably  faster  instruments  have  been 
'•■v.ujeii  than  that  used  in  our  investigation. 

Certain  constant  differences  for  the  various  collecting 
laces  have  been  obtained.  Especially  the  low  natural  bacteria 
utor.t  in  the  samples  from  field  and  sea  air  should  be  pointed 
. r .  The  latter  sampling  location  also  showed  the  lowest  iovoi 
1  unspecified  fluorescent  particles. 

References 

1.  Andersen,  A.  A.  New  Sampler  for  the  Collection , 

and  Enumeration  of  Viable,  Airborne  particles.  J. 

1953. 

2.  Gaspersson,  T. ,  G.  Lomakka  and  R.  Rigler.  Registering 
'.Ir.oreceenco  Spectrograph  for  Determination  of  the  Primary  and 

: -  tender y  Fluorescence  of  Various  Cell  Substances.  Acta 
: o e h  tun .  Suppl.  6,  p  123-126,  1965. 

3.  Castaing,  R.  Application  of  Electron  Probes  to 
.oca!  Chemical  and  Crystallographic  Analysis ;  English  translation 

;X;v;z  tv.d  D.3.  Vittry  from  1$51  doctoral  thaate  {ONER*  publication,  Ko  5r>) , 

•  A  142/59-7. 

4.  Clarke,  R.  Biological  Warfare,  Science  Journal* 

::71,  1966. 

5.  Kiessling,  R.  The  Electron  Microprobe,  an  Important 
;i croannly tic  Aid.  Jernkont.  Ann,  144:  847,  1960. 

6.  May,  K.  K.  The  Cascade  Impactor,  an  Instrument  for 
5  ..mpling  Course  Aerosols.  J.  Sci.  Instr.  22:187  ,  1945. 

7*  Rlj^l sr |  »*a « j* q m ^ t ri c  qv ^ ►  vrizetier*  ciJ 

.ncra cellular  Nucleic  Acids  and  Nucleoproteins  by  Akridine 
;  range.  Acta  Physiol,  Scand.  67:  Suppl.  267,  1966. 

8.  Tamnelin,  L.-E.,  L.  Larason,  B.  Sorbo,  S.  Jackson 
xr.d  G.  Persson.  FOA  Instructs  About  -BC  Weapons.  torsvarets 
forskningsanstalt,  Stockholm,  1964. 


-  23  - 


